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ABSTRACT 
Combining passive elements with mechanical systems in office buildings may achieve a 
decrease in greenhouse gas emissions and energy consumption, and an increase in 
occupant satisfaction. Naturally ventilated Double Skin Façades (DSF) are increasingly 
being employed in an attempt to minimise overall building energy consumption, 
primarily in temperate climates. As a direct result of higher humidity, little information 
is available that justifies the use of these DSF’s in hot and humid climates.    
This parametric study, which is based on a previous work on potential for reducing 
cooling loads through architectural design and mixed-mode systems for medium and 
high-rise office buildings, explores the potential for reducing cooling loads through 
façade and glass types for high-rise office buildings in a subtropical climatic region. 
Different glass types and a double skin façade including various opening modes form 
the control variables. TAS Building Simulator module of TAS Building Design 
software is the tool of the study.  
INTRODUCTION 
The increasing demand for higher quality buildings providing healthy environments and 
an increase in occupant satisfaction as well as a decrease in energy consumption and 
greenhouse gas emissions has lead researchers and designers to focus on decreasing the 
dependence on mechanical heating and cooling systems. Among many others, one such 
study carried out by the authors (Demirbilek and Depczynski, 2004) has analysed the 
potential of mixed-mode schemes and has demonstrated the importance of architectural 
design and choice of materials on the thermal performance of a high-rise office building 
in Brisbane.  
Present study analyses the effect of different glazing types and double skin facades. 
Although double skin facades have been studied and applied in temperate and cool 
climates, information on using DSF in hot and humid regions is sparse (Haase and 
Amato, 2006a and b; Haase et al, 2007). The paper mainly focuses on cooling loads of 
the sample office building in Brisbane as prevailing summer conditions are harsher and 
longer in the region and cooling is a much bigger problem in office buildings.  
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OUTLINE OF THE STUDY 
Climate 
Brisbane has sub-tropical summers and moderate winters. Summers are very humid and 
very warm with temperatures between 25 to 30°C and occasional periods of between 30 
to 35°C. Winters are occasionally below 5°C and have fewest rainy days with an 
average of 24 dry days in July. Mean daily maximum temperatures from May to 
October are within the range of 20 to 26°C and the mean number of cloudy days rarely 
reaches more than five in any month. (http://www.bom.gov.au/climate/averages/).  
Software 
The TAS Building Simulator module of TAS Building Designer software by 
Environmental Design Solutions Limited has been used, in this study, for calculating 
the thermal loads and analysing the effects of varying parameters. TAS provides hourly 
data for air temperature, mean radiant temperature, and humidity for the simulated 
building. It uses the effects of the HVAC, aperture control variables, and climatic data 
to perform its calculations (EDSL, 2008).  
The variables and climatic data used by TAS during its simulations to calculate data are 
as follows: global radiation, total solar radiation intensity on a horizontal plane, diffuse 
sky radiation intensity on a horizontal plane, cloud cover, dry-bulb temperature, relative 
humidity, wind speed, and wind direction.  
For internal air specifications for HVAC simulations, 1.0 (when pressurising plant is not 
operating) to 0.5 air changes per hour (when pressurising plant is operating) is accepted 
for infiltration air, whereas for fresh air supply by means of mechanical ventilation a air 
ventilation rate of 1.5 air changes per hour (when HVAC is operating) is entered .  
Building Model of the Parametric Study 
The research is carried out in the form of a parametric study, which permits to examine 
one variable at a time while maintaining control of other unrelated variables. The 
dependent variable for this study is the yearly cooling and heating loads, as well as 
latent addition and removal loads of the building in kW. Integration of different glass 
types, double skin façade, various opening modes, and operable size of apertures form 
the control variables. 
Thermal characteristics of the building envelope and internal gains can be summarized 
as: U-values for Spandrel: 0.5 W/m2C, Roof: 1.3 W/m2C, Ground Floor: 0.3 W/m2C, 
Glazing: 2.92 W/m2C, and Clear Glazing: 5.73 W/m2C. Total Solar Transmittance for 
Glazing: 0.24 to 0.61, and Clear Glazing: 0.82. In accordance with BCA Specification 
JV and Table 2h (BCA, 2006) lighting gains: 12W/m² max, occupant sensible gains: 
7.5W/m² max, occupant latent heat gains: 5.5W/m² max, and equipment sensible 
heat gains: 15W/m² max. Internal gains are apportioned according to expected 
occupant population using BCA schedule Table 2b for each hour of the week. 
The building model of this study is a square plan 20 storey high building with a podium 
level of two 4.0m levels and a ground level. The tower levels consist of eighteen 3.6m 
levels composed of a perimeter area of 11,680 m2, a core area of 8582 m2, and 2789 
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m2of shaft, stair and amenities area. The height of office zone full length windows is 
2.65m, and the thickness of core walls and external walls are 300 and 200mm, 
respectively. For the Double Skin Façade (DSF) models the cavity width is 1.0m. A 3D 
view and plans of the building model for the base case and double skin façade are 
provided in Fig. 1. 
For reasons described under “BCA Case and Base Case” heading, solar heat gain 
coefficient (SHGC) for glazing is chosen as 0.27 for all windows (unless stated as a 
dependent parameter).  
                  
                
Fig. 1: Model and floor plan of Base Case (above) and Double Skin Façade (below) 
buildings used for simulation. 
BUILDING CASES 
BCA Case and Base Case 
For the glazing of the first case, which is named as BCA case as the requirements of 
BCA Clause J2.4 is applied, minimum requirements of total solar transmission are 
calculated as 0.27 for North, 0.24 for East, 0.61 for South, and 0.31 for West façades of 
the building. Although these are the allowed values by the code, a stricter and improved 
glazing type has been applied to all façades in the Base Case (BC). This is due to 
practical reasons of construction by using a single type of glazing rather than 4 types.  
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Hence, the Base Case has the very same characteristic with BCA Case except the total 
solar transmission of all glazing has a value of 0.27. This parametric run resulted in a 
7.3% reduction in the yearly cooling load of the building (Fig.2). 
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Fig. 2: Comparison of cooling loads for BCA and Base Cases. 
Ventilated Facade - Double Skin Façade Cases 1 and 2 
Double skin façade cases have the exact same characteristics with the base case with an 
additional double skin façade on the Eastern side. For the first case, named Double Skin 
Façade 1 (DSF1) (Fig.3), outer skin of the double skin façade has the same total solar 
transmission (0.27) as the rest of the façades whereas clear glass is applied on the inner 
skin. The double skin façade aperture, which is the full length of the façade and 450mm 
high is placed at the bottom of Podium Level 1 floor and kept fully open, i.e. 100% of 
the aperture area for 24 hours a day for both simulation cases. The double skin façade 
outlet at the top of Level 20 is open 100% for 24 hours a day in all simulation cases. 
Inner skin windows as well as all the windows of other façades are kept closed and the 
building is in the same full air condition mode as BC and BCA scenarios. 
 
Fig. 3: DSF 1 & 2 (fully AC)  
also DSF 3 & 4 when internal temperature is over 23.8 degrees. 
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Fig. 4: Comparison of cooling loads for BC and Double Skin Façade 1. 
Results of this parametric study indicate that application of a double skin façade on the 
Eastern façade of the considered fully air-conditioned office building in Brisbane does 
little to help reduce loads from cooling load point of view reducing loads by 0.6% for 
the glass types simulated (Fig. 4). 
In order to see the effect of positioning of the glazing type of double facades, another 
set of calculations has been carried out and the building is named as Double Skin 
Façade 2 (DSF2). This case is exactly the same as DSF1 building  (Fig.3) but the inner 
skin glazing and outer skin glazing types are reversed, i.e. inner skin has low total solar 
transmission glass and the outer skin has clear glass.  
Results of the DSF2 run shows a significant negative effect with 8.5% increase of 
cooling loads from the Base Case scenario (Fig. 5). This result, compared to DSF1, 
shows over 9.1% reduction in the efficiency of the sample double skin façade building 
by simply reversing the position of the two glazing types tested. 
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Fig. 5: Comparison of cooling loads for BC and Double Skin Façade 2. 
Mixed Mode - Double Skin Façade Cases 3 and 4 
For the cases named Double Skin Façades 3 and 4 (DSF3 and DSF4), although the outer 
skin has the same type of glazing with the base case, i.e. total solar transmission of 0.27, 
inner skin has clear glass like DSF1. However, in these cases a mixed mode system is 
used (Fig.6) and night purging is obtained through the double skin façade allowing air 
in and out through the East (inner skin façade) and West windows (exposed) (Fig.7). 
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The control parameter of these cases is the size of the internal and external openings of 
the Eastern double skin façade and external openings of the Western façade. 
For the mixed mode system, openings are controlled from the dry bulb temperature of 
the Eastern zone adjoining the inner façade of the double facade. During the daytime, 
the double skin façade aperture is open to ventilate the double skin façade cavity 
through stack effect whilst mechanical cooling is introduced when the temperature 
exceeds the cut-off value of 23.8°C. This same aperture which ventilates the facade 
during HVAC operation is also opened fully (100% of the aperture area) after 7pm till 
7am for providing night purge ventilation when office zone windows are also open for 
night purging of internal air.   
Concurrently during the day when conditions are favourable natural ventilation 
operation is achieved by internal windows of the double skin façade being kept open for 
dry bulb temperatures between 20 and 23.8°C between the hours of 8am and 6pm. This 
allows for air to be drawn out of the eastern office zones through the double façade 
cavity, thus, drawing cooler outside air in from the opposite Western façade apertures, 
providing cross ventilation. The control variable for these two cases is the size of the 
operable parts of the windows. Internal window specifications for natural ventilation are 
265mm (10%) DSF3 and 1060mm (40%) DSF4 opening to each façade window area 
(2.65m x 34.20m = 90.63m²); façade area including service space is 124.5m² (34.6m x 
3.6m (W x H)); area open to natural ventilation expressed as a percentage of façade area 
is 7.3% (9.06m² / 124.5m²) for DSF3 and 29.1% (36.35m2 / 124.5m2) for DSF4. 
 
Fig. 6: DSF3 & 4 - NV mode up to 23.8 degrees. 
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Fig. 7: DSF3 & 4 from 7pm till 7am (Night Purge) - all windows are open. 
 
Cooling loads of DSF3 and DSF4 cases, in comparison to the base case, result in a 
significant reduction of 9.4% and 16.1%, respectively (Fig. 8). 
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Fig. 8: Comparison of cooling loads for BC and Double Skin Façades 3 and 4. 
Heating Loads 
Although not a significant percentage of the overall energy use, the building heating 
loads have also been taken into consideration within the framework of the study. In 
comparison to the base case the results showed quite a significant improvement for 
DSF3 and DSF4, in parallel with the results of cooling loads (Fig. 9). Although the load 
itself is not large compared to cooling load, the resultant compared percentage of saving 
is large.   
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Fig. 9: Heating loads of all parametric run scenarios. 
Latent Loads 
Loads to achieve humidity set points of 60% maximum and 30% minimum whilst 
HVAC is in operation for both full HVAC scenarios (BC, BCA, DSF1 and DSF2) and 
Mixed Mode scenarios (DSF3 and DSF4) are outlined in the graphs below (Fig. 10 and 
Fig. 11). 
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Fig. 10: Latent removal loads of all parametric run scenarios. 
Fig. 11 shows that additional loads are required to service the maximum set point 
humidity of 60% for mixed mode scenarios. With the natural ventilation scenario DSF3 
requiring a 7.3% increase and DSF4 requiring a 24.9% increase when compared to BC 
load requirements. However additional latent loads may be less of an issue when 
implementing an adaptive thermal model to determine occupant satisfaction. Brager and 
De Dear (2000) suggest that an occupant’s psychological adaption allows for more 
variable temperature and/or humidity conditions for naturally ventilated buildings.  
In Fig. 11 it can be seen that additional loads are required to service the minimum set 
point humidity of 30% for mixed mode scenarios. The natural ventilation scenarios 
DSF3 and DSF4 end up with a 68% and 132% increase, respectively, compared to BC 
load requirements. Whilst the increase is large between scenarios, consideration should 
be given to the higher load services (cooling loads) where energy use is more 
pronounced in the overall energy use scheme of the building. 
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Latent Addition
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Fig. 11: Latent addition loads of all parametric run scenarios. 
CONCLUDING REMARKS 
The conclusions, derived from the research carried out for the climatic conditions of 
Brisbane in the form of a parametric study for a sample high-rise office building, have 
been discussed within the framework of the paper.  
Hence, although authors believe that it is too early to generalize the conclusions of the 
study for application in Brisbane, more detailed investigation will reveal more aspects 
of the complex nature of DSF technology. The increased wind speeds at higher levels 
and deep floor plate may pose problems as these factors affect façade openings in the 
upper floors of the tall building under consideration. However, although it is not taken 
into consideration within the scope of this study, it is possible to design a building to 
mitigate the effects of high wind speeds and reduce the exposure of the unprotected 
windows (opposite the façade windows) to high wind speeds. The floor plate width can 
be reduced and the core can be relocated to help achieving these aims.  
Thus, as can be seen in Fig. 12, outcomes of the research can be summarized as: 
• Choice of better building materials within the simulation scenarios, such as high 
performance glazing provides significant energy savings to the cooling loads of the 
building (BC compared to BCA).  
• However, correct choice but wrong positioning of glass may produce results where 
the greenhouse effect is activated within the double façade cavity (DSF2 compared 
to DSF1).  
• Application of double skin façade to a fully air-conditioned office building using the 
tested glass types (DSF1 and DSF2) may not be a good solution for Brisbane. 
Utilization of a double skin facade in mixed mode system with the proper setting up of 
purging system and correct sizes of internal and external openings can provide 
advantage (DSF3 and DSF4).  
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Yearly Cooling Load
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Fig. 12: Yearly cooling loads of all parametric run scenarios. 
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